We construct an M -solitons solutions in Jackiw-Pi model depends on 5M parameters(two positions, one scale, one phase per solition and one charge of each solution). By using φ -mapping method, we discuss the topological structure of the self-duality solution in Jackiw-Pi model in terms of gauge potential decomposition. We set up relationship between Chern-Simons vortices solution and topological number which is determined by Hopf indices and and Brouwer degrees.
I. INTRODUCTION
Chern-Simons theories based on secondary characteristic classes discovered in Ref. Simons,1971, 1974) exhibit many interesting and important properties. In the early 1980, the first physical applications of the Chern-Simons form called topologically massive gauge theory was advanced by Schonfeld (1981) , and many topological invariants of knots and links discovered in the 1980s could be reinterpreted as correlation functions of Wilson loop operators in Chern-Simons theory (Witten, 1989) . Moreover, for gauge theories and gravity in three-dimensions, they can appeared as natural mass terms and will lead to a quantized coupling constant as well as a mass after quantization .
They have also found applications to a lot of physical problems, such as particle physics, quantum Hall effect, quantum gravity and string theory Hong et al., 1990; Girvin et al., 1987; Zhang et al., 1988; Kalmeyer et al., 1987; Laughlin, 1988; Achucarro et al., 1986; Witten ,1988 Witten , ,1995 . Chern-Simons term acquire dynamics via coupling to other fields and get multifarious gauge theory (Abrikosov,1957; Dunne et al.,1991) , non-relativistic Chern-Simons theory supports vortices solutions, these static solutions can be obtained when their Hamiltonian was minimal. Vortices and their dynamics are interesting objects to be studied (Bogomolnyi,1976; Nielsen et al., 1973; de Vega et al., 1986; Manton, 1993; Duan et al., 2003) . R. Jackiw and S-Y. Pi considered a gauged, nonliner Schödinger equation in two spatial dimensions, with describes non-relativistic matter interacting with Chern-Simons gauge fields. Then they find explicit static, self-dual solutions which satisfies the Liouville equation and got an n-solitons solutions depends on 4n parameters(two positions, one scale, one phase per solition) . P. A. Horváthy proved that the solution depends on 4N parameters without the use of an index theorem and the flux quantization (Horváthy et al., 1998) , and indicated the regular solutions with finite degree only arise for rational functions, the topological degree of those solutions is the common number of their zeros and poles on the Riemann sphere (Horváthy, 1999) .
In this paper, we will discuss topological structure of the self-duality solution in JackiwPi model in terms of gauge potential decomposition (Duan et al., 1979 (Duan et al., ,1993 (Duan et al., ,1997 (Duan et al., ,1984 (Duan et al., ,1995 Lee et al., 1997) . We will look for complete many vortices solution from self duality equation and set up the relationship between the many vortices solution and topological number. We also study the quantization of the flux of those vortices.
II. SELF-DUALITY SOLUTIONS IN JACKIW-PI MODEL
In this section, making use of the self-dual equation, we will look for complete vortex solution in Jackiw-Pi model by using the decomposition of gauge potential.
The Abelian Jackiw-Pi model in nonlinear Schrödinger systems is
[We use relativistic notation with the metric diag(1,-1,-1) and
A and Ψ is "matter" field, the first term is the Chern-Simons density, which is not gauge invariant. Also m is the mass parameter, A µ is gauge potentials, g governs the strength of nonlinearity, κ controls the Chern-Simons addition and provides a cutoff at large distance greater than 1 κ for gauge-invariant electric and magnetic fields, which can be written as 
The energy density is
by
and
we can get
where e measure the coupling to gauge field described by scalar A 0 and vector A potentials.
, and sufficiently well-behaved fields so that the integral over all space of ∇ × J vanishes, the energy is
This is non-negative and vanishes. Thus attaining its minimum when Ψ satisfies a self-dual equation
To solve Eq. (8), we note that when Ψ is decomposed into two scalar fields
We can define a unit vector field n as follows
It is easy to prove that n satisfies the constraint conditions n a n a = 1, n a dn a = 0.
From Eq. (8), and making use of the decomposition of U(1) gauge potential in terms of the two-dimensional unit verctor field n, we can obtain
From Eq. (5) and Eq. (12) we get
i.e.
This equation can be rewritten as
with the help of the φ -mapping method (Duan, 1984) Eq.(15) can be written as
in which the vector field Ψ is defined by Ψ = (Ψ 1 , Ψ 2 ), and J Ψ r is Jacobian
When ρ = 0, Eq.(16) will be the Liouville equation,
as we all know, the Eq. (18) has the general real solution as follows
in which r = (r cos θ, r sin θ),
wherez = re iθ and f (z) is an arbitrary function .
Because ρ is the charge density of the vortex, it must be positive, the Liouville equation
so the Eq.(19) should be
and the Eq.(16) can rewritten as
The meromorphic function f (z) yields a regular vortex solution with finite magnetic flux if and only if f (z) is a rational function (Horváthy, et al., 1998) .
subject to
In particular, when all roots of T (z) are simple, f (z) can be developed in to partial fractions,
in which z a = r a e iθa , c a = r 0a e iθ 0a , a = 1, 2, ...M.
this describing M separated charge − N a vortices, and N a > 0 because of degP < degT .
So there are 5M real parameters involved in this solution : 2M real parameters r a and θ a describing the locations of the vortices, 2M real parameters r 0a and θ 0a corresponding to the scale and phase of each vortex, M real parameters N a describing the charge of each vortex and in the following text we will see that N a is relates to the topological number of each vortex.
III. THE TOPOLOGICAL STRUCTURE OF THE MANY VORTICES SOLU-TION AND THEIR MAGNETIC FLUX
In this section, making use of Eq.(23), we will discuss the topological structure of the many vortices solution, then we will study the magnetic flux of the vortices. Under the radially symmetric, ∇ 2 ln ρ can be expressed as
Integrating Eq.(23)
the Eq.(29) can be rewritten as
where r ǫ = (r ǫ cos θ, r ǫ sin θ), 0 ≤ θ < 2π, and r ǫ is a infinitesimal scalar, so 
Suppose that the vector field Ψ a possess M isolated zeros which is in r = r a , according to the δ-function theory(Achwarz, 1994), δ 2 (Ψ) can be expressed by
and then we can obtain
where β a is positive integer (the Hopf index of the zero point) and η a , the Brouwer degree of the vector field Ψ,
The meaning of the Hopf index β is that while r covers the region neighbouring the z a point once, the vector field Ψ covers the corresponding region β a times, hence, β a and η a are the topological number which shows the topological properties of the vortex solution. We have
If we define the topological number Q a of the vortex z a as(vortex z a is the vortex whose center is r a )
from Eq. (29) we can get
in which N a − 1 ≥ 0, so κ must satisfied sgnκ = −sgnJ and we can set −(sgnκ)Q a = |Q a |, then the total charge of those vortices
in which Q is the total topological number which can be defined as
Substituting Eq.(37) into Eq.(26), we can obtain
It is obviously Eq. (40) and Eq. (22)is the solution of Eq(23). On the other hand, this means vortices density ρ relates to its topological number Q a = β a η a . We now see that N a must be an integer.
If we note the unit magnetic flux Φ 0 = 2π c e , one can get
from this equation we know the magnetic flux is quantized. When the total topological charge equal to zero, the magnetic flux of this vortex is
For example, the two general multi-soliton solutions to the Liouville equation is one vortex solution and two vortices solution, when set M = 1 in Eq. (26), we can get the one vortex solution
so it is easy to obtain the radially symmetric solutions (Lee et al., 2006) 
Particularly, ρ is invariant when change N to −N.
When set M = 2 in Eq. (26), we can get the two vortices solution with z 1 = −3, z 2 = 3, c 1 = c 2 = 1,
using Eq. (22) When set M = 3 in Eq. (26), we can get the three vortices solution with z 1 = −3, z 2 = 3, z 3 = 3i, c 1 = c 2 = c 3 = 1, 
